SUMMARY Visceral candidiasis in 56 patients, 39 of whom were thought to be immune deficient, was investigated using three serological detection methods-whole cell agglutination, haemagglutination, and counterimmunoelectrophoresis for antibodies; two determinations of circulating antigens-haemagglutination inhibition and latex agglutination; and determination of the arabinitol:creatinine ratio. Of the 39 patients with suspected immune deficiency, 13 had confirmed invasive candidiasis and 26 were colonised; of those without signs of immune deficiency, 10 patients also had invasive candidiasis and seven were colonised. Twenty three patients with invasive candidiasis were analysed in total.
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For suspected immune deficient patients the best discrimination between visceral candidiasis and colonisation was obtained by combining the results of haemagglutination inhibition and arabinitol:creatinine ratio. For patients without signs of immune deficiency the best discrimination between invasive candidiasis and colonisation was achieved with counterimmunoelectrophoresis. The results of the serological tests confirmed the classification on clinical grounds of those with and without immune deficiency.
Invasive, systemic, deep or disseminated candidiasis is a serious and often fatal complication that may occur in immune deficient patients. The Accepted for publication 5 May 1987 It is important to diagnose tissue invasion at an early stage, as it can be successfully treated with amphotericin B. Each of the serological methods currently used for detecting antibodies and, to a lesser extent, circulating antigens has too low a sensitivity and specificity to distinguish sufficiently between invasive candidiasis and colonisation24 1112 and we thought that the sensitivity and specificity could be increased if the results of different methods were combined.
To distinguish invasive candidiasis from colonisation, the titres of three different antibodies and two different antigens were determined in the sera of patients with and without signs of immune deficiency. In addition, the quantity of circulating D-arabinitol was also measured in these patients. The purpose of the study was to investigate which reactions or combinations of reactions contributed most to the differentiation between invasive candidiasis and colonisation. Each group was subdivided into patients with and without signs of immune deficiency. The criteria for immune deficiency were: histologically confirmed neoplasms, kidney function disorders requiring dialysis or treatment with corticosteroids, total body radiation, the use of immunosuppressive or cytotoxic drugs. As occult invasive candidiasis might have been present in the group of colonised patients, these patients were excluded from this group if fever of unknown origin did not react to antibiotics within three days; or if antifungal agents were being given. The administration of antifungal agents indicated that invasive candidiasis was thought to be the most likely diagnosis. The original number of colonised patients was therefore reduced from 83 to 33. On the basis of these criteria, group I was divided into 13 patients with signs of immune deficiency (IA) and 10 patients without signs of immune deficiency (IB); the 33 colonised patients were divided into those with signs of immune deficiency (IIA) (n = 26) and seven without signs of immune deficiency (IIB).
ANTIBODY DETERMINATIONS
The titres of agglutinating and haemagglutinating antibodies were determined by whole cell agglutination (WCA) and haemagglutination (HA). ' 
DETERMINATION OF D-ARABINITOL
The serum concentrations of D-arabinitol were determined by gas-liquid chromatography. The carbohydrates in serum were converted into trimethyl-silylether derivatives after removal of the proteins by acetone precipitation. The quantity of serum D-arabinitol was determined in relation to methylmannopyranoside, added as an internal standard21 using a Packard series 428 gaschromatograph with a glass column (dimensions: 6 x 1/4 x 6 mm; packing: 3% sillicone SE-30 on 80-100 mesh. Gaschrom Q, Chrompack, Middelburg, The Netherlands). Nitrogen, the carrier gas, had a flow velocity of 40 ml/minute, and a temperature gradient of 4°C/minute from 140°C to 220°C was set.
As the renal clearance of D-arabinitol is the same as that of creatinine the kidney function was corrected for by dividing the arabinitol concentration by the creatinine concentration.8 The figure thus obtained is known as the arabinitol:creatinine ratio (A:C).
The multiple logistic regression model was used in a discriminant analysis,22 which enables the (linear) combination of reactions which gives the best dicrimination between patients with and without invasive Candida infections to be found. In this statistical analysis one sided p values were used, as the probabilities of invasive candidiasis will be more significant if higher reaction results are obtained. The serological reactions in the statistical analysis were compared by expressing the dilution steps in code (table 1) .
Results Tables 2 and 3 give the results obtained for 23 patients with confirmed invasive Candida infections.
Platenkamp, Duin, Porsius, Schouten, Zondervan, Michel Table 4 shows the data for the 26 colonised patients and table 5 those for the seven colonised patients. Of the individual reactions, HAI was found to discriminate best between infected and colonised patients (p < 0-05). Table 6 shows that the sensitivity of this reaction was 54% and the specificity 88%. The predictive value of a positive result was 70%.
Of the possible combinations of two reactions, HAI and A:C discriminated best (both p < 0 05). Table 7 lists the contributions of the results of the two tests. Eight of the 13 patients (IA) with invasive specificity and the predictive value of a positive result candidiasis are below and to the right of the stepped remained at 100%. dividing line indicating that the sensitivity was A diagnosis of visceral candidiasis can be ruled out increased to 62% for the combination of HAI and by using a combination of two reactions. This can be A:C ratio. All 26 colonised patients (IIA) were cor-done by putting the A:C ratio at <0 I0 and HAI at rectly determined, indicating a specificity of 100% <1:2. The sensitivity is thereby raised to 92%; only and a predictive value of a positive result for the com-one patient (IA) had a negative result. The specificity, bination of HAI and A:C ratio also of 100%.
however, was only 58%; 15 of the 26 colonised paOf the combinations of three reactions, HAI, A:C tients had negative results. The predictive value of a ratio and HA discriminated best (p < 0-05). Two pa-negative result was therefore 94%. tients had high HA titres of 1/1024 and 1/2048 (table  2) . Thanks to those high titres these patients were di-PATIENTS WITHOUT SIGNS OF IMMUNE agnosed as having invasive candidiasis. The results of DEFICIENCY HAI and A:C ratio alone would have classified these A significant correlation was obtained only between a patients as colonised. The combination of HAI, A:C positive CIE result and deep candidiasis (p < 0 05). ratio, and HA raised the sensitivity from 62% for the Taking a positive cut off value of 1/2, the sensitivity of combination of HAI and A:C ratio to 77%. The CIE was 80% (n = 10). The specificity of this reac- In the patients without signs of immune deficiency, CIE discriminated best between systemic infection and colonisation. For those with signs of immune deficiency, combining the results of HAI and A:C ratio increased sensitivity to 62%, compared with 54% for HAI alone. The predictive value of the combination was 100%. Though the addition of HA to the HAI-A:C combination raised the sensitivity to 77%, this was due to only two patients. A sensitivity of 77% is not optimal for the serological diagnosis of infections. Therefore, a negative serological result obtained with HAI < 1/2 and A:C <0 01 rules out the diagnosis of visceral candidiasis in 92% of the infected patients. In the case of the patients without signs of immune deficiency no combination of reactions gave significantly better discrimination than CIE. The logistic model, however, provided some indication group.bmj.com on June 21, 2017 -Published by http://jcp.bmj.com/ Downloaded from that the combination of CIE and A:C ratio might give better discrimination with a larger number of patients. Gold et al9 obtained encouraging results with the measurement of the A:C ratio in cancer patients with invasive candidiasis. It should be mentioned, however, that they did not evaluate the A:C ratio in patients who were merely colonised. In a nonprospective study Holak et al26 were unable to distinguish invasive from superficial candidiasis by A:C ratio alone. According to the results in our study A:C ratio could become an important diagnostic factor for both patients with and without signs of immune deficiency. The method, however, is cumbersome for use in the routine of a bacteriological laboratory, a problem that could perhaps be circumvented by using a spectrophotometric detection method of Darabinitol, as described by Soyama and Ono.2`As in this study, Fisher et al25 also used a combination of detection methods of antibodies and antigens to differentiate patients with confirmed disseminated candidal infection. Although they obtained good results, these cannot easily be compared with ours because different techniques were used, different patient categories were compared, and no distinction was made between the presence or absence of signs of immune deficiency.
In future, other approaches may also contribute to discrimination between invasive candidiasis and colonisation. Using immunoblot analysis, Matthews et al28 found several patterns of antibody response in systemic candidiasis. On the other hand, ManningZweerink et al29 observed a great variability in C albicans specific antibodies in patients with confirmed or suspected candidiasis. De Repetigny and Reiss30 pointed to the possible use of monoclonal antibodies to characterise circulating Candida antigens.
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